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Experimental 

Crystal data 

C 23 H 28 N 3 OP 
M, = 393.45 
Monoclinic, P%/n 
a = 9.9621 (3) A 
b = 14.8245 (5) A 
c = 28.8407 (10) A 
P = 98.2682 (14)° 

Data collection 

Nonius KappaCCD diffractometer 
with APEXII detector 

Absorption correction: multi-scan 
(SORTAV; Blessing, 1997) 
T = 0.991, T m „ = 0.994 



Refinement 

R[F 2 > 2a(F 2 )] = 0.104 

wR(F 2 ) = 0.199 

S = 1.15 

7788 reflections 



V = 4215.0 (2) A 3 
Z = 8 

Mo Ka radiation 
/x = 0.15 mm -1 
T = 173 K 

0.06 x 0.05 x 0.04 mm 



13508 measured reflections 
7788 independent reflections 
4450 reflections with / > 2a(I) 
R iM = 0.074 



508 parameters 

H-atom parameters constrained 
A/w = 0.32 e A~ 3 
Apmin = -0.33 e A~ 3 



The asymmetric unit of the title compound, C 2 3H 28 N 3 OP, 
contains two independent molecules with significant confor- 
mational differences. For example, the torsion angles N— C— 
C— C involving the TV-benzyl moieties are 57.3 (7) and 
11.6 (8)° in one molecule and 76.5 (7) and 97.4 (7)° in the 
other. In each molecule, the P atom exhibits a distorted 
tetrahedral conformation [the bond angles at P are in the 
ranges 104.7 (2)-115.2 (2) and 105.1 (2)-115.1 (2)° in the two 
molecules], and the phosphoryl group and the N— H group 
adopt an anti orientation with respect to one another. In the 
crystal, molecules are linked via N— H- ■ O(P) hydrogen 
bonds, forming a chain parallel to the a axis. 

Related literature 

For background to the synthesis of related compounds, see: 
Toghraee et al, (2011). For related structures, see: Gholivand 
& Mahzouni (2011); Pourayoubi et al. (2011). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


N3-H3/V---02' 


0.88 


2.05 


2.846 (6) 


149 


N6-H6/V- ■ Ol" 


0.88 


2.00 


2.799 (6) 


151 


Symmetry codes: (i) — x 


+ l,-v4 


1. -z + 1; (ii) -x- 


1-2, -y + 1, -z- 


- 1. 



Data collection: COLLECT (Hooft, 1998); cell refinement: 
DENZO (Otwinowski & Minor, 1997); data reduction: SCALE- 
PACK (Otwinowski & Minor, 1997); program(s) used to solve 
structure: SIR92 (Altomare et al., 1993); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
Mercury (Macrae et al, 2008); software used to prepare material for 
publication: SHELXL97 and enCIFer (Allen et al, 2004). 

Support of this investigation by the Ferdowsi University of 
Mashhad is gratefully acknowledged. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NC2247). 
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A^^V-Dibenzyl-A^^V'-dimethyl-A^'-^-toly^phosphoric triamide 
M. Pourayoubi, B. Elahi and M. Parvez 

Comment 

In continuation of our investigations on the synthesis of new phosphoramidates (Toghraee et ah, 2011; Pourayoubi et ah, 
2011) we now report the synthesis and crystal structure of the title phosphoric triamide. 

The asymmetric unit of the title compound (Fig. 1) contains two independent molecules with significant conformational 
differences. The torsion angles N1-C2-C3-C4 and N2-C10-C11-C16 involving the N-benzyl moiety in one molecule are: 

57.3 (7) and 11.6 (8)°, respectively, compared to the corresponding angles in the second molecule with values 76.5 (7) and 

97.4 (7)° (for torsion angles N5-C33-C34-C35 and N4-C25-C26-C3 1, respectively). In each molecule, the P atom adopts 
a distorted tetrahedral coordination P(=0)(N)(N)2 environment with the bond angles in the range of 104.7 (2)° to 115.2 (2)° 
for PI and 105.1 (2)° to 115.1 (2)° for P2. The P=0 and P— N bond lengths and the P— N— C bond angles are within the 
expected values for analogous compounds reported in the literature (Gholivand et ah, 201 1). In both molecules, the P — N 
bond lengths of the P(0)[NHC6H 4 (4-CH 3 )] fragments (1.646 (5) A and 1.653 (4) A, respectively, for molecules labeled 
with PI and P2) are between the values of the P— N bonds in the P(0)[N(CH 3 )(CH 2 C 6 H 5 )]2 moieties (PI: 1.639 (5) A & 
1.660 (5)AandP2: 1.634 (5) A & 1.661 (5) A). 

In the crystal packing, the molecules are hydrogen bonded to each other resulting in a chain along to the a axis in an 
alternating sequence (Fig. 2). 

Experimental 

To a solution of 4-CH3 — C6H4NHP(0)Cl2 in chloroform, a solution of A'-methylbenzylamine in chloroform was added 
dropwise at 273 K. After stirring for 4 h, the solvent was evaporated at room temperature and the obtained solid was washed 
with distilled water to remove A'-methylbenzylamine hydrochloride salt. Single crystals, suitable for X-ray crystallography, 
were obtained from a solution of title compound in chloroform after slow evaporation at room temperature. 

Refinement 

The H-atoms were included at geometrically idealized positions with N — H distances 0.88 A and C — H distances = 0.95, 
0.98 and 0.99 A for aryl, methyl and methylene type H-atoms, respectively. The methyl H-atoms at CI were disordered 
over six sites with equal site occupancy factors. The H-atoms were assigned U lSQ = 1.5 times U e q CI atom and 1.2 times 
U e q of the rest of the parent atoms (C/N). The ADSYMM option in Platon suggests a pseudo-translation in the direction of 
the c-axis. Indeed the structure can also be refined in the subcell which leads to a strong disorder of the phenyl rings and 
practically no improvement of the reliability factors. This is in agreement with the results of the structure determination of 
the supercell, which shows that the torsion of the phenyl rings is different. Therefore, we decided to perform the refinement 
in the supercell. In this context it is noted that the intensity of the super structure reflections is very low and therefore, only 
about 60% of all independent reflections are observed, which might also be responsible for the low reliability factors. 
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Figures 




Fig. 1. An ORTEP plot of the title molecule with labeling. Displacement ellipsoids are given 
at 50% probability level. 



Fig. 2. Part of the crystal packing with hydrogen bonds shown as dotted lines. The symmetric- 
ally independent molecules are shown as different colors. Only H atoms involved in hydrogen 
bonds are shown. 



N,N'-Dibenzyl-N,N'-dimethyl-iV"- (p-tolyl)phosphoric triamide 



Crystal data 
C 23 H 28 N 3 OP 
M,-= 393.45 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 9.9621 (3) A 
b= 14.8245 (5) A 
c = 28.8407 (10) A 
(3 = 98.2682 (14)° 

V= 4215.0 (2) A 3 

Z=8 



^(000) = 1680 

D x = 1.240 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6919 reflections 

9= 1.0-26.0° 

H = 0.15 mm 1 

T= 173 K 

Prism, colorless 

0.06 x 0.05 x 0.04 mm 



Data collection 



Nonius KappaCCD 

diffractometer with APEXII detector 

Radiation source: fine- focus sealed tube 

graphite 

co and tp scans 

Absorption correction: multi-scan 
(SORTAV; Blessing, 1997) 
J min = 0.991, J max = 0.994 
13508 measured reflections 



7788 independent reflections 

4450 reflections with / > 2a(I) 
R int = 0.074 

9max = 26.0°, 6 m j n = 2.1° 

/i = -12-^12 

£ = -18^18 
/ = -35^35 



Refinement 

2 Primary atom site location: structure-invariant direct 

Refinement on F methods 

Least-squares matrix: full Secondary atom site location: difference Fourier map 

n 0 Hydrogen site location: inferred from neighbouring 

R[F 2 > 2o(F 2 )] = 0.104 si ; es 
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wR(F 2 ) = 0.199 

S= 1.15 

7788 reflections 
508 parameters 
0 restraints 



H-atom parameters constrained 
w = V[a 2 (F 0 2 )+ 17. SP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.002 

Ap m ax = 0.32 e A~ 3 
Apmin = -0.33 e A~ 3 



Special details 

Experimental. IR (KBr, cm" 1 ): 3178, 3014, 2913, 1610, 1451, 1326, 1187, 1005, 942, 817. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Occ. (<1) 


PI 


0.79811 (14) 


0.81400 (11) 


0.52504 (5) 


0.0261 (3) 




Ol 


0.9321 (4) 


0.7937 (3) 


0.51123 (14) 


0.0364 (10) 




Nl 


0.7853 (4) 


0.9218(3) 


0.53627(16) 


0.0298 (11) 




N2 


0.7750 (4) 


0.7533 (3) 


0.57164 (15) 


0.0274 (11) 




N3 


0.6671 (4) 


0.7895 (3) 


0.48547 (15) 


0.0295 (11) 




H3N 


0.6123 


0.7464 


0.4922 


0.035* 




CI 


0.6567 (6) 


0.9707 (4) 


0.5311 (2) 


0.0381 (15) 




H1A 


0.5820 


0.9286 


0.5215 


0.057* 


0.50 


H1B 


0.6571 


1.0177 


0.5072 


0.057* 


0.50 


H1C 


0.6449 


0.9985 


0.5610 


0.057* 


0.50 


HID 


0.6740 


1.0345 


0.5383 


0.057* 


0.50 


HIE 


0.5989 


0.9455 


0.5526 


0.057* 


0.50 


H1F 


0.6111 


0.9647 


0.4988 


0.057* 


0.50 


C2 


0.9044 (6) 


0.9791 (4) 


0.5503 (2) 


0.0349 (15) 




H2A 


0.9046 


1.0287 


0.5273 


0.042* 




H2B 


0.9875 


0.9429 


0.5495 


0.042* 




C3 


0.9086 (5) 


1.0190 (4) 


0.59821 (19) 


0.0270 (13) 




C4 


0.9063 (6) 


0.9621 (4) 


0.6366 (2) 


0.0386 (15) 




H4 


0.9031 


0.8985 


0.6324 


0.046* 




C5 


0.9086 (7) 


0.9988 (4) 


0.6806 (2) 


0.0467(17) 




H5 


0.9068 


0.9599 


0.7067 


0.056* 




C6 


0.9135 (7) 


1.0905 (5) 


0.6874 (2) 


0.0464(17) 




H6 


0.9155 


1.1148 


0.7180 


0.056* 




C7 


0.9153 (6) 


1.1463 (5) 


0.6501 (2) 


0.0432(17) 
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U. 1 IZj 


A 7/iAA 

U.ZoUU 


A A7A* 
U.U /U 




CZy 


U. /ZUZ ( /) 


A 1 A C C ZO\ 

U.Z4jj (o) 


A "> /I OA /QA 

U.Z48y (J) 


U.Uo/ (j) 




rizy 


a &nzA 
U.oyj4 


A T/1 1 0 

U.Z41Z 


A 0 1 6. A 

U.ZloU 


A AOA* 

U.UoU^ 




C3U 


U. /ZUZ ( /) 


A 1 l/CT /"7\ 

U.iZo / (/) 


U.Z /Uj (Z) 


A A£ A /7\ 

U.Uo4 (Z) 




hl3U 


U.oyjO 


u.3 /yz 


U.ZjZ4 


A A7/;* 

U.U /o^ 




C31 


A 7CC/1 

U. /jj4 (o) 


A 1 Q A A fZ\ 

U.3344 {j) 


A 1 1 Ol /">\ 

U.jIoj (Z) 


A A/1/17 /17\ 

U.U44Z (1 /) 




U7 1 

hl31 


A 7C /I C 

U. / M j 


A 1 AO A 

u.iyzu 


A 1 1 77 
U.JjZ / 


A AC7 * 

U.Ujj* 




LoZ 


a o/i 1 1 f£\ 
U.&413 (o) 


U.4o/o (4) 


A /1/CTC /7\ 

U.4oZj (Z) 


A A/1AO f\ /Z\ 

U.U4U8 (lo) 




111") * 


a nun 

u.yioy 


A A TCA 

U.4ZDU 


A /I £. A 1 

u.4oy i 


a A/; 1 * 
U.Uol * 


A CA 

U.jU 


ri3Zr> 


A 0/1 *7 1 

U.o4 / 1 


U.j IZo 


A /I 07/^ 

U.45 /O 


A A£1 * 

U.Uol 


A CA 

U.jU 


hliZC 


A OA & 1 

U.8401 


A /I A*7Q 

u.4y /O 


U.4jZo 


a A/; 1 * 
U.Uol * 


A CA 

U.jU 


i mn 

HMD 


a 077 7 

U.oZiZ 


A C1TA 

U.JiZU 


A /I C7 1 

U.4J / I 


A A£ 1 * 

U.Uol* 


A CA 

U.jU 


ri3Zn 


a 0A7A 

u.&yzy 


A A A A 1 

U.444j 


A /IIQ/ 

U.4J50 


A A£1 * 

U.Uol 


A CA 

U.jU 


ri3Zr 


A QCiAPi 

u.&y4u 


A /I Cfl 1 

u.4jy i 


U.4yjo 


A A£1 * 

U.Uol * 


A CA 

U.jU 


/ ") Q 

C33 


u.jy i / (o) 


A A *7C O /"/1\ 

U.4 / J5 (4) 


A /I CA 1 /7\ 

U.4JU1 (Z) 


A A7 C A / 1 C\ 

u.ujjy (1 J) 




1 ni a 

ri33A 


A CQQ1 


U. jZoj 


A /I77O 

U.4 /Zo 


A A/17* 
U.U4J 




I I "J Q T") 


A f 1 1 1 

U. M 1 1 


A A 1 A*7 


A /I C/1 O 

U.4j4o 


A A/1 7 * 

U.U43* 




C34 


U.J /Ul (0) 


U.J 14U (4J 


A /I A1 A /7~\ 

U.4U1U \L) 


A A7 17 /I /1\ 

U.U313 (14J 




/ ") C 

C3j 


U.jZUl (o) 


A /I & 1 O //1\ 

U.4olo (4) 


A 1 /;i 7 /7\ 

U.jojZ yl) 


A A7 OA ( 1 C\ 

u.u3oy (1 J) 




II")-: 
ri3J 


a caaa 
U. jUUU 


U.4UU1 


A 7^77 
U.JO / / 


A A/17* 

U.U4 / 




C3o 


a /iao7 (h\ 
U.4yoi ( /) 


A A AO 1 /C\ 

u.4yoi (j) 


A 1 1 07 /7\ 
U.J loZ (Z) 


AA/1A/1 /"m\ 

u.u4y4 (iy) 




in/. 
ri30 


A /1£C7 
U.40JZ 


u.4ouy 


A 7Q71 

u.zyzj 


A ACQ* 

u.ujy 




/~^7 7 


A CI /I O /7\ 

U.5248 (7) 


A ZOO A ( Z\ 

U.5884 (5) 


A 7 117 /7\ 

U.jIIj (j) 


A ACC /7\ 

U.U55 (2) 




I 1 77 

ri3 / 


A CAAA 

u. juyu 


A £ 1 T 7 
U.O 1 J / 


A 70A7 

U.ZoU / 


u.uoo 




C3o 


U. J / 43 ( /) 


A £/1 1 /I /'CA 

U.0414 (j ) 


A 7/1A7 /^7\ 

u.34yz (zj 


A A/1A/1 (\ 0\ 

U.U4y4 (15) 




U7 O 


A cm 1 


A TAO /I 

U. /U-54 


A 7 /I C A 

U.j4jU 


A ACA* 

u.ujy* 




C3y 


U.jyo4 [p) 


U.oUj / (4J 


A 7Q7y1 /7\ 
U.jyj4 [Z) 


u.u3oy (i j) 




i no 
hliV 


A C1f\H 


A /I A£ 

U.o4Uo 


A /I 1 A7 

u.4iyj 


A A/1 A * 

U.U44* 




C4U 


U.oolo (j J 


a iiiA SA\ 

U. j j j4 (4J 


A CCCAC ^1 0\ 

U.jjjUj {lo) 


A A7£ 1 z' 1 7\ 

U.UZol (13J 




f^A 1 

C41 


A nn<;i /c\ 

u.yyoz (j j 


a 1171 (A\ 

U. j j / 1 (4j 


A C77/1 /'I A\ 

u.j / /4o (iyj 


A A7£0 (\ 1\ 

U.UZoo (13) 




I I 1 1 

hl41 


1 A££ O 


A 1 1 A/1 

U.31U4 


A C/;7 7 

U.jojZ 


A A77* 

U.U3Z* 




C4Z 


1 A7C7 

I.UZj / (o) 


A 1*7O0 fA \ 
U.J /yO (4j 


A /^7A7 /^7\ 

U.oZUj (ZJ 


A A777 (\ A\ 

\J.\jjZZ (14j 




hl4Z 


1 11 77 
1.11 /Z 


A 1 O 1 1 
U.JOl J 


U.ojjI 


A A7 A* 

u.u3y* 




C43 


a m^i 

u.yzoi \P) 


A /17A7 

U.4ZU / (4J 


A £A")/: /7\ 

U.04Z0 yZ) 


A A7CA (\ C\ 

U.U3JU (1 D) 




C44 


A 7A7 1 

u. /yii (o) 


A A 1 £ 1 //1\ 

U.41ol (4) 


A 1 AA /7\ 

u.oiyy (Z) 


A A7 OA ( 1 /Z\ 

u.u3&y (lo) 




I I 1 yi 

hl44 


A 777£ 

U. /ZZo 


A A A1 
U.44JO 


A £7 7 A 

u.ojjy 


A A/17* 

U.U4 




C45 


0.7613 (6) 


0.3722 (4) 


0.5770 (2) 


0.0335 (14) 




H45 


0.6694 


0.3688 


0.5627 


0.040* 




C46 


0.9598 (7) 


0.4691 (5) 


0.6886 (2) 


0.0507 (19) 




H46A 


0.8840 


0.4632 


0.7066 


0.061* 




H46B 


0.9759 


0.5331 


0.6828 


0.061* 




H46C 


1.0416 


0.4426 


0.7063 


0.061* 
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Atomic displacement parameters (A 2 ) 





U 


/- ,22 

u 


U 


u 


U 


U 


PI 


A AT£0 /C>\ 

0.0266 (6) 


A AT 1 A /A\ 

0.0310 (9) 


A A 1 A A /T\ 

0.0199 (7) 


A AACA /T\ 

0.0050 (7) 


A AA 1 1 i C\ 

0.0011 (6) 


A AA 1 T //;\ 

-0.0013 (6) 


01 


0.027 (2) 


A AC A /T\ 

0.050 (3) 


A AT T /T\ 

0.032 (2) 


A A1 1 /T\ 

0.011 (2) 


A AATO /I '7\ 

0.0028 (17) 


A AA"7 /T\ 

-0.007 (2) 


Nl 


a ai r /t \ 

0.025 (2) 


A AT C /T \ 

0.035 (3) 


A AT O /T \ 

0.028 (3) 


A AAA /' T \ 

0.009 (2) 


A AA 1 /T \ 

0.001 (2) 


A f\f\i r 1 T \ 

-0.006 (2) 


N2 


0.035 (3) 


A ATC /T\ 

0.025 (3) 


A AT 1 /T\ 

0.021 (2) 


A AAT /T\ 

0.003 (2) 


A AA 1 /T\ 

-0.001 (2) 


A AAT /T\ 

-0.002 (2) 


N3 


A AT A /T ^ 

U.U3U (3) 


A AT T /T ^ 

U.U32 (3) 


A AT C /T ^ 

U.UZD (3) 


A AAT 

-U.UU3 (2) 


A AA 1 /T\ 

U.UU1 (2) 


A AAC /T\ 

0.005 (2) 


CI 


a a a 1 / /i \ 

0.041 (4) 


A AT A ( A \ 

0.039 (4) 


A AT A /T \ 

0.034 (3) 


A A 1 r /T\ 

0.016 (3) 


A AAT /T \ 

0.003 (3) 


A AAA /T\ 

0.000 (3) 


C2 


A ATI /I \ 

0.032 (3) 


0.035 (4) 


A AT O ( A \ 

0.038 (4) 


A AAA /T\ 

0.000 (3) 


A A A "7 /T \ 

0.007 (3) 


A AA 1 /T \ 

-0.001 (3) 


C3 


0.020 (3) 


A ATT /T\ 

0.033 (3) 


A ATA /T \ 

0.029 (3) 


A AAT /T\ 

-0.002 (2) 


A AA/' /T\ 

0.006 (2) 


A AAT /T\ 

0.002 (3) 


r^A 
C4 


0.053 (4) 


A ATT iT\ 

0.02 / (3) 


A AT T /T ^ 

U.U33 (3) 


a aat 
-U.UUz (3) 


A AA A /T \ 

-U.UU4 (3) 


A AA 1 /T \ 

-U.UU1 (3) 


C5 


0.069 (5) 


0.035 (4) 


A ATT ( A \ 

0.032 (4) 


A A 1 A /T \ 

-0.010 (3) 


A A A A /T \ 

-0.004 (3) 


A A A A /T \ 

0.004 (3) 


C6 


0.05s (4) 


A A /I O / A \ 

0.048 (4) 


A AT 1 t A \ 

0.031 (4) 


A A A O t A\ 

0.008 (4) 


A AAA /T\ 

0.000 (3) 


A aa/; t"l\ 

-0.006 (3) 


f~*n 

L7 


A AC 1 t A \ 

0.051 (4) 


A AT 1 f A\ 

0.031 (4) 


A A A £ i A \ 

0.046 (4) 


A AAA 

0.000 (3) 


A AAT /T\ 

0.002 (3) 


A AA/; /T\ 

-0.006 (3) 


C8 


A AT *7 /T ^ 

U.U3 / (3) 


A AT 1 / A\ 

0.031 (4) 


A AT A i A\ 

0.034 (4) 


A AAT /T\ 
0.002 (3) 


A AAT n\ 

0.007 (3) 


A AAA /T\ 

0.009 (3) 


C9 


0.047 (4) 


A AT A / A\ 

0.034 (4) 


A AT O ( A \ 

0.038 (4) 


a r\r\ /" /t\ 

0.006 (3) 


A AAC /T \ 

0.005 (3) 


A AAT /T \ 

-0.003 (3) 


CIO 


A AT O n\ 

0.026 (3) 


A A/1 A f A\ 

0.040 (4) 


A ATT n\ 

0.027 (3) 


A AA 1 /T\ 

0.001 (3) 


A AAT /T~\ 

0.002 (2) 


A AA 1 /T\ 
0.00 1 (3) 


CI 1 


A AT 1 n\ 

0.031 (3) 


A AT/I /T~\ 

0.026 (3) 


A AT/1 /T\ 

0.026 (3) 


A AA/1 /T\ 

-0.004 (3) 


A AAT /T\ 

0.003 (2) 


A AA/1 /T\ 

0.004 (3) 


C12 


A AT 1 /I \ 

0.031 (3) 


A AT O / A \ 

0.038 (4) 


A ATA /T \ 

0.029 (3) 


A AAT /T\ 

-0.003 (3) 


A AA A /T\ 

0.004 (2) 


A AAT /T\ 

0.003 (3) 


C13 


A A A A / A \ 

0.044 (4) 


0.036 (4) 


A ATA ( A \ 

0.039 (4) 


A AAA /T\ 

0.000 (3) 


A A 1 T /T \ 

0.012 (3) 


A AA 1 /T \ 

-0.001 (3) 


C14 


r\ r\r A / A\ 

0.054 (4) 


0.056 (4) 


A ATT /T\ 

0.023 (3) 


A A 1 A / A \ 

-0.010 (4) 


A AAT /T\ 

0.003 (3) 


A f\f\ /" /T\ 

0.006 (3) 


pic 
C15 


A AT T /T ^ 

U.U33 (3) 


A AC A ( A \ 

U.IDU (4) 


A AT T /T ^ 

U.U33 (3) 


A AA/; 

-0.006 (3) 


A AA*7 /T ^ 

-0.007 (3) 


A A 1 1 /T ^ 

0.011 (3) 


C16 


A All /I \ 

0.033 (3) 


A AT r /T \ 

0.026 (3) 


A ATT /T \ 

0.033 (3) 


A AAT /T \ 

-0.003 (3) 


A AAT /T \ 

0.003 (2) 


A AA C /T \ 

0.005 (3) 


C17 


a at r /t \ 

0.026 (3) 


A ATA /T\ 

0.029 (3) 


A ATC /T \ 

0.025 (3) 


A AAT /T\ 

0.002 (3) 


A AA 1 /T \ 

0.001 (2) 


A AAT /T \ 

-0.003 (3) 


C18 


A AT C /T \ 

0.025 (3) 


A A A O / A \ 

0.048 (4) 


A AT "7 / A \ 

0.037 (4) 


A AAT /T\ 

-0.003 (3) 


A AAT /T\ 

0.003 (3) 


A AAA /T\ 

0.000 (3) 


C19 


A A A C (A \ 

U.U4o (4) 


A A A A / /I \ 

U.U4v (4) 


A AT 1 /T ^ 

U.U31 (3) 


A A 1 T /T \ 

-U.U13 (3) 


A AAT /T ^ 

U.UU3 (3) 


A AAA 

u.ixjy (3) 


C20 


A A A 1 ( A \ 

0.043 (4) 


A AT A ( A \ 

0.039 (4) 


A ATT /T \ 

0.023 (3) 


A AAT /T\ 

0.003 (3) 


A AAT /T \ 

0.003 (3) 


A AAT /T \ 

-0.002 (3) 


/^t i 
C21 


A AT /; /T \ 

0.036 (3) 


A A/1 1 i A\ 

0.041 (4) 


A ATT n\ 

0.027 (3) 


A AAA /T\ 

0.009 (3) 


A AA*7 /T ^ 

-0.007 (3) 


A AAT /T\ 

-0.003 (3) 


C22 


a m£ /t \ 

0.026 (3) 


A AT A t"l\ 

0.034 (3) 


A atc n\ 

0.025 (3) 


A AAT 

-0.002 (3) 


A A 1 A /T~\ 

0.010 (2) 


A AA 1 /T~\ 

0.001 (3) 


C23 


A A/C A tZ\ 

0.064 (5) 


A AC A i Z\ 

0.054 (5) 


A AT O i A \ 

0.026 (4) 


A AA C / A \ 

-U.UUd (4) 


A A A 1 n\ 

0.001 (3) 


A A 1 T /T~\ 
0.012 (3) 


P2 


A ATTA (1\ 

0.0239 (7) 


A A T T "7 ff\ \ 

0.0327 (9) 


A AT A A (1\ 

0.0204 (7) 


A AA 1 O 

-0.0018 (7) 


A AAT 1 ( r\ 

0.0021 (6) 


A AATA i"7\ 

0.0029 (7) 


02 


A AT/1 /T\ 

0.026 (2) 


A A/1 1 

0.041 (3) 


A ATT /T\ 

0.027 (2) 


A AAAT / 1 0^ 

-0.0002 (18) 


A AATT / 1 /;\ 

0.0027 (16) 


A AAC C /1 A\ 

0.0055 (19) 


N4 


A ATA /T \ 

0.029 (3) 


A AT f /T \ 

0.036 (3) 


A AT 1 /T\ 

0.021 (2) 


A AA"7 /T\ 

-0.007 (2) 


A AAC /T\ 

0.005 (2) 


A AAT /T\ 

-0.002 (2) 


N5 


A ATA /I \ 

0.029 (3) 


A AT 1 /T \ 

0.031 (3) 


A AT r /T \ 

0.026 (3) 


A AAA /T\ 

0.000 (2) 


A A A A / T \ 

0.004 (2) 


A AA/1 /T\ 

0.004 (2) 


N6 


A AT O /T \ 

0.028 (3) 


A ATA /T\ 

0.029 (3) 


A ATC <"T \ 

0.025 (2) 


A AA A (<S\ 

0.004 (2) 


A A A 1 "7 ( 1 A\ 

0.0017 (19) 


a r\r\r i t \ 

-0.006 (2) 


C24 


A A /I T //I \ 

0.042 (4) 


0.036 (4) 


0.036 (4) 


A AAC /T\ 

-0.005 (3) 


A AAT /T\ 

0.007 (3) 


A AA 1 /T \ 

-0.001 (3) 


/"'T c 

C25 


A AT C /T \ 

0.025 (3) 


A A A /C f A \ 

0.046 (4) 


A AT/C /T\ 

0.026 (3) 


A AA 1 /T \ 

-0.001 (3) 


A AA 1 /T\ 

0.001 (2) 


A AAT /T\ 

-0.003 (3) 


C26 


0.022 (3) 


0.050 (4) 


0.027 (3) 


0.001 (3) 


0.002 (2) 


0.006 (3) 


C27 


0.037 (3) 


0.047 (4) 


0.047 (4) 


-0.006 (3) 


0.015 (3) 


-0.010 (3) 


C28 


0.050 (4) 


0.084 (6) 


0.043 (4) 


-0.020 (4) 


0.016(3) 


-0.023 (4) 


C29 


0.047 (5) 


0.122 (8) 


0.032 (4) 


-0.015 (5) 


0.006 (3) 


-0.011 (5) 


C30 


0.042 (4) 


0.118(8) 


0.032 (4) 


0.011 (5) 


0.010(3) 


0.030 (5) 


C31 


0.031 (3) 


0.068 (5) 


0.039 (4) 


0.005 (3) 


0.022 (3) 


0.008 (3) 


C32 


0.033 (3) 


0.039 (4) 


0.051 (4) 


-0.008 (3) 


0.005 (3) 


-0.004 (3) 


C33 


0.039 (4) 


0.037 (4) 


0.032 (3) 


0.002 (3) 


0.009 (3) 


0.001 (3) 


C34 


0.032 (3) 


0.034 (4) 


0.029 (3) 


0.007 (3) 


0.007 (3) 


0.003 (3) 
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C3J 


A A/1 0 /'/I \ 

U.U4o (4 j 


U.Uj>j (4) 


A AT") /1\ 
U.U3Z {3 ) 


A AAO f1\ 

u.uuy {3 ) 


A A A 1 f1\ 
U.UU1 (j) 


—U.UU i (i ) 




U.Ujo (4 ) 


U.Uo4 [p ) 


U.UZj {3 ) 


a fA\ 
U.UZo (4) 


U.UUZ (3 ) 


— U.U1 1 (i ) 


/ 


a A/CA /c\ 
U.UoU [p ) 


U.Uoj [p) 


A A/1 1 //1\ 

U.U41 (4 J 


U.UZo (4) 


A A 1 £ 

U.Ulo (3 J 


U.U16 (4) 


C55 


U.UJO (4 J 


U.U49 (J ) 


A A/1 C //I \ 

U.U4j (4 ) 


A A1 7 //Tw 

U.U1 / (4J 


A A 1 1 <"1\ 

U.UU {3 ) 


U.Ulo 




U.U3 / (4 J 




A A17 //1\ 

U.U3 / ^4 ) 


A AA*7 

U.UU / \3) 


A AA/1 

U.UU4 \3 ) 


U.UU J \d ) 


C4U 


A A 1/1 f1\ 

U.U.34 \3 ) 


a mi /^i\ 
U.UZ.3 {3) 


A A 1 fl f1\ 

u.uiy {3 ) 


A AA 1 /'OA 

U.UU1 (Z) 


A AA1 

— U.UU3 (ZJ 


U.UU1 (I) 


C41 


0.027 (3) 


A Aon 

0.029 (3) 


0.025 (3) 


A AAT 

0.002 (3) 


A AAZZ /">\ 

0.006 (2) 


0.003 (3) 


C42 


0.032 (3) 


0.032 (4) 


0.031 (3) 


0.001 (3) 


-0.001 (3) 


-0.001 (3) 


C43 


0.046 (4) 


0.033 (4) 


0.025 (3) 


0.003 (3) 


-0.001 (3) 


0.001 (3) 


C44 


0.045 (4) 


0.040 (4) 


0.032 (3) 


0.011 (3) 


0.009 (3) 


-0.009 (3) 


C45 


0.031 (3) 


0.040 (4) 


0.029 (3) 


0.011 (3) 


0.005 (3) 


-0.006 (3) 


C46 


0.067 (5) 


0.044 (4) 


0.039 (4) 


-0.005 (4) 


0.001 (3) 


-0.008 (3) 



Geometric parameters (A, °) 



PI — 01 


1.478 (4) 


P2 — 02 


1 .476 (4) 


PI — Nl 


1.639 (5) 


P2 — N5 


1.634 (5) 


PI — N3 


1.646 (5) 


P2 — N6 


1.653 (4) 


PI — N2 


1.660 (5) 


P2 — N4 


1.661 (5) 


Nl — CI 


1.460 (7) 


N4 — C24 


1.472 (7) 


Nl — C2 


1.469 (7) 


N4 — C25 


1.472 (7) 


N2 — C10 


1.472 (7) 


N5 — C32 


1 .460 (7) 


N2 — C9 


1 474 (71 


N5 — C33 


1.469 (7) 


N3 — CI 7 


1 414 (71 


N6 — C40 


1.418 (7) 


N3 — H3N 


0.8800 


N6 — H6N 


0.8800 


CI — H1A 


0.9800 


C24 — H24A 


0.9800 


Cl — H1B 


0.9800 


C24 — H24B 


0.9800 
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C4 1 — C4U — IN 0 


1 1 n 1 /c\ 

ny.i (j) 


P/11 P/11 P^ A A 

C4Z — C4 1 — C4U 


1 1 n i /c\ 
liy. / {j) 


p/ii p/ii 1 1 1 1 
C4Z — C4 1 — hl4 1 


1 in 1 
IzU.l 


p /i n p /i 1 1 1 , i i 
C4U — C4 1 — hl4 1 


1 in 1 
IzU.l 


p/ii p/ii p/ii 
C4 1 — C4z — C43 


1 11 c /c\ 
IzZ.D {J) 


P/11 P/11 T_T/I1 

C4 1 — C4z — hl4z 


hot 
llo. / 


P/11 P/11 T_T/I1 

C43 — C4Z — hl4z 


hot 
llo./ 


p/i/i p/ii p/ii 
C44 — C43 — C4Z 


ii/; n / c\ 

no.y (d) 


P/i/i P/11 p /i /: 

C44 — C43 — C40 


111 A. //^A 

1Z1.U (0J 


p/ii p/ii p /i £ 
C4z — C43 — C40 


1 11 1 

122.1 {o) 


P/IC p A A p /| 1 

C4D — C44 — C43 


111 i /£\ 
121.3 (0) 


P/l C P/|/| I I | /I 

C4D — C44 — hl44 


i in i 

ny.3 


P/11 P/I/] I I | yl 

C43 — C44 — hl44 


1 1 n i 

ny.3 


P/in P/IC p A A 

C4U — C4!) — C44 


1 in n /c\ 
IZU.y {D) 


P/in p/ic T_j/ic 
C4U — C4j — hl4j 


1 1 n c 
[[y.j 


p A A P/l C I I | C 

C44 — C4j — hl4j 


1 1 n c 


CA% Cdf, T446A 


1 U7.J 


C43 — C46 — H46B 


109.5 


H4 6 A — C4 6 — H4 6B 


109.5 


C43 — C46 — H46C 


109.5 


H46A — C46 — H46C 


109.5 


H46B — C46 — H46C 


109.5 


/~\1 T»1 ~KT A /"'I A 

VI — P2 — N4 — C24 


-47.0 (5) 


N5— P2— N4— C24 


-169.4 (4) 


N6— P2— N4— C24 


77.3 (4) 


02— P2— N4— C25 


168.0 (4) 


N5— P2— N4— C25 


45.6 (5) 


N6— P2— N4— C25 


-67.7 (5) 
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<J1 — r 1 — JNZ — C1U 


1 cc\ n / a \ 
lOU.y (4) 


Mi ri i \n pin 

JN 1 — r 1 — JNZ — C1U 


lO o /c\ 
3o.o {j) 


xn t> 1 \n pin 

JN 3 — r 1 — JN 2 — C 1 U 


7/1 O SA\ 

-/4.0 (4) 


<J1 — r 1 — JNZ — CV 


cc c /c\ 

—JD.D P) 


xti T") 1 \n pn 

JN 1 — r 1 — JNZ — Cy 


1 77 7 ( A \ 

— I//./ (4) 


Ml T>1 Ml Ppi 

JN 3 — r 1 — JN Z — \Jy 


/ZQ Q //l\ 

Oo.o (4 ) 


r\ i n i mi pn 
<J1 — rl — JN3 — CI / 


£C O /C\ 

— Oj.o [p) 


\T1 T>1 xti pi n 

JN 1 — r 1 — JN3 — CI / 


JO. / (D) 


"\ti t>i M"i rn 
JNZ — rl — JN3 — CI / 


1 HI 7 /"/I \ 

1 /3.Z (4) 


p 1 m 1 PO PQ 

CI — JN 1 — Cz — C3 


£c 1 //;\ 
0:>.l (0) 


n i mi po pq 
Fl — JN 1 — Cz — C3 


in o / c\ 
-11 /.o ( j) 


Ml PO pq PO 

JN 1 — Cz — C3 — Co 


— 121.2 (0) 


Ml PO pq p /] 

JN 1 — Cz — C3 — C4 


C7 1 /7\ 

57.3 (7) 


PO PQ p /I PC 

Co — C3 — C4 — Cz> 


n *7 /n\ 

-0.7 (9) 


PO pQ p A pC 

Cz — C3 — C4 — C j 


1 *7n i /"/:\ 

—i /y.3 (0) 


pi p /i pc / • /; 

C3 — C4 — C D — Co 


a i / 1 n\ 
— U.z (1U) 


P/1 PC ( ' f^H 

C4 — CD — Co — C / 


n /i / 1 i \ 
U.4 (11) 


pc p/: p-7 po 

Cj — Co — C / — Co 


A A / 1 1 \ 

U.4 (11) 


P/1 pQ po P-7 

C4 — C3 — Co — C / 


1.4(9) 


PO pQ po p-7 

Cz — C3 — Co — C / 


1 *7n n /c\ 

i /y.y (j) 


pp p-7 po / " Q 

Co — C / — Co — C3 


11/1 n\ 
-1.3 (1U) 


po XT'! pin pi i 
CV — JN Z — C 1 U — C 1 1 


12. I (0) 


T>1 \n z" 1 1 n z" 1 1 1 
r 1 — JN Z — C 1 U — C 1 1 


1 /I 7 7 

— 14Z. / (4) 


M1 pi A pi 1 PIT 

JNZ — C1U — CI 1 — ClZ 


m o /c\ 
-1/1.5 (j) 


MO pin pi | p|/- 

JNZ — C1U — Cll — Clo 


1 1 £ /Q\ 

11.0 (o) 


pi / pi i pn piq 
Clo — Cll — ClZ — CI 3 


1 1 /Ti\ 

1.1 (9) 


Pin pi i pi i piq 
C1U — Cll — ClZ — CI 3 


1 *7C 7 

-1 fD.f (0) 


p 1 1 PIT PIQ p 1 y| 

CI 1 — ClZ — CI 3 — C14 


n /^ /n\ 

-u.o (y) 


PI O P1Q PI /I p| f 

C 1 Z — C 1 3 — C 1 4 — C 1 J 


A 7 / 1 A\ 
— U. / (1U) 


p| 1 pi /| pic p|/ 

C13 — C14 — CI J — Clo 


1 & ✓ 1 A\ 

1.0 (1U) 


pn p 1 1 pi/ pic 
ClZ — Cll — Clo — CI j 


a i /n\ 

-0.3 (9) 


Pin p 1 1 pi/- pic 
C1U — Cll — Clo — CI j 


1 1 C A ( &\ 

1 /0.4 (0) 


p 1 /| pi f P^ 1 p P11 

C14 — CI j — Clo — Cll 


1 1 /n\ 

-1.1 (9) 


di mi c^\n r^77 
rl — JN3 — CI / — CZZ 


1 ^.7 0 fS.\ 
— 1 jZ.O (3 ) 


r> i Ml pn pi o 

rl — JN3 — CI / — Clo 


77 C ZO\ 

Z/.J (o) 


pt) pn pi o pin 
CzZ — CI / — Clo — CIV 


n £ /n\ 

u.o (y) 


mi pn pio pm 
JN 3 — C 1 / — C 1 o — C 1 y 


1 *7n t f£\ 

—i /y. / (0) 


p i n pio p i q pin 

ci / — cio — ciy — czu 


A £ /"I AA 
U.O (1U) 


pio pm p^n pi i 

c i o — c i y — czu — cz i 


A Ci /1 A\ 

— u.y (iu) 


p| o pi n P1A pn 

C l o — C 1 9 — C20 — C23 


1 "7n /i 

179.4 (6) 


Cl9— C20— C2l— C22 


-0.1 (9) 


C23— C20— C2l— C22 


179.6 (6) 


C20— C2l— C22— CI 7 


1.3 (9) 


CI 8— CI 7— C22— C2l 


-1.5 (9) 


N3— CI 7— C22— C2l 


178.8 (5) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H 



C\~) r>-> MC P11 

<Jz — rZ — JN j — C3Z 


1 CC A ( A\ 

OJ.U (4) 


XT/C D "> MC P11 

JN0 — Y2 — JND — C3Z 


in o /c\ 
zy.O (j) 


"NT A D') "NTC Pn 

JN4 — rZ — JN j — C3Z 


01 1 /c\ 
— o3.Z (j ) 


p,-> r>"» MC PQ Q 

Uz — rZ — JND — C33 


1 o o /c\ 
-lo.o (j) 


~K\C r>~) MC p Q Q 

JN 0 — r Z — JN j — C3 3 


i/i/i n (a \ 
1 44 .U (4) 


~KJA m MC P11 

JN4 — rZ — JND — C33 


1 m c\ ( a\ 
1U3.U (4) 


p.-v t>i M/i p /i n 
Uz — r Z — JN 0 — C4U 


/"C /I /c\ 
—03.4 (j) 


MC DO M£ Z" 1 /! A 

JN j — r Z — JN 0 — C4U 


C7 1 (Z\ 

j /.Z (j ) 


xt /i r>i "\T/i p /i n 
JN 4 — r Z — JN 0 — C4U 


1 71 7 (A \ 

V 15.1 (4) 


p-> y| M/l PIC p ^ "> /C 

Cz4 — JN 4 — Cz j — Cz 0 


71 7 /£\ 

/3. / (0) 


m m/i pic pi/- 
rZ — JN4 — CZj — CzO 


1 /in /i /c\ 
— 14U.4 (j) 


M/l Pic p -> /: Pl 1 

JN4 — Cz j — Czo — C3 1 


m /i p?\ 

y /.4 (/) 


M/i pic p -> pn 
JN4 — CZj — CzO — CZ / 


O/l 1 /7\ 

— o4.Z (/) 


t ' ~s 1 pi/- pn pio 
C31 — CzO — Cz/ — Czo 


n n /n\ 

-u.y (y) 


pic pn pio 
CZD — Czo — Cz / — Czo 


1 7n i /c\ 
-1 /y.3 (j) 


/'•->/' pn pio pm 

CzO — Cz / — Czo — czy 


n 7 / 1 n\ 
U. / (1U) 


pn piq pm pin 
Cz / — Czo — Czy — C3U 


n i / 1 1 \ 
— U.z (11) 


pio pin pin p 1 1 
Czo — Czy — C3U — C3 1 


n 7 / 1 1 \ 
-U.Z (11) 


pm r^iA p"^i 1 p->/: 
CZy — C3U — C3 1 — czo 


A 1 f\(W 

U.l (1U) 


pn pi/; p-> 1 Pl A 

Cz / — CZO — C3 1 — C3U 


a c /n\ 

0.5 (9) 


pic p~) p. pi 1 pm 
CZj — CZO — C31 — C3U 


1 70 Ci /C\ 

i /o.y (J ) 


P11 \T C PQ Q PQ A 

C3Z — JND — C33 — C34 


/Cfl 1 /7\ 

oy.i (/) 


D7 MC nil f^1A 

Y2 — JN j — C33 — C34 


1 1 £ C 

— 1 10. j (j ) 


MC PQ Q PQ A PQC 

JN D — C33 — C34 — C3 j 


7/i C /7\ 

76.5 (7) 


MC P Q Q PQ A P ^ Q n 

JND — C33 — C34 — C3y 


1 nc c (c\ 
-1UD.0 (0) 


pin PQ A PQC P Q 

C3y — C34 — C3D — C30 


n n /n\ 

u.y (y) 


PQ Q PQ /I PIC /- ' Q P 

C33 — C34 — C3j — C3o 


1 70 O (&\ 

1 /o.o (0) 


PQ /I PIC /- ' Q P PQ -7 

C34 — C3 j — C3o — C3 / 


1 7/1 n\ 
— 1 .Z (1U) 


PIC /- • Q P pQ -7 PQO 

C3 j — C30 — C3 / — C3o 


n o / 1 n\ 
U.O (1U) 


pi/ pq -7 pqo pin 
C30 — C3 / — C3o — C3y 


n 1 / 1 n\ 
-U.l (1U) 


PQ -7 PIO Pin PQ /I 

C3 / — C3o — C3y — C34 


A 1 / 1 A\ 

—U.l (1U) 


PIC PQ /I pin PQO 

C3D — C34 — C3y — C3o 


a i /n\ 

-0.3 (9) 


PQ Q PQ /I pin PQO 

C33 — C34 — C3y — C3o 


1 70 7 //i\ 

—1 /o.Z (0) 


m m/c p /i n p/ic 
rZ — JN 0 — C4U — C4J 


77 7 ZO\ 

Z /.Z (o) 


m m^ p /i n p /i 1 
r Z — JN 0 — C4U — C4 1 


1 C/l 1 //l\ 

— 1j4.3 (4) 


P/1 C P/lpl P/1 1 P/1 

C4 j — C4U — C4 1 — C4Z 


A £. /0\ 

—U.O (o) 


M£ p /i n p /i 1 p /i i 
JN 0 — C4U — C4 1 — C4Z 


1 7A 7 /C\ 

—1 fy.2 [j) 


p/| n p^/| 1 p/1 1 P/1 Q 

C4U — C4 1 — C4Z — C43 


-0.5 (9) 


P /| 1 P/11 P /I Q P/l/l 

C4 1 — C4Z — C43 — C44 


n /^ /n\ 

u.o (y) 


p /I 1 P /II P /I Q p /I /" 

C4 1 — C4Z — C43 — C4o 


1 to i //;\ 

-178.3 (6) 


C42 C43 C44 C45 


0.4 (9) 


C46 C43 C44 C45 


179.3 (6) 


C41— C40— C45— C44 


1.6 (9) 


N6— C40— C45— C44 


-179.8(6) 


C43 C44 C45 C40 


-1.6(10) 



K-A D-A D—H-A 
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N3— H3N-02 i 0.88 2.05 2.846 (6) 149. 

N6_ H6N-01" 0.88 2.00 2.799 (6) 151. 

Symmetry codes: (i) -x+\, -y+l, -z+1; (ii) -x+2, -y+\, -z+1. 
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